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The present invention relates to shaft seals and more 
particularly to an improved rotary seal of the O-ring type. 

It is an object of the present invention to provide an O 
ring cartridge seal construction which is efficient, reliable 
and consistent for applications involving moderate speed 
and pressure differential and which is inherently low in 
COSt. 

It is a more specific object of the present invention 
to provide a cartridge-type seal employing a garter spring 
and O-ring in which the garter spring is prestressed so that 
predetermined, relatively high per-unit forces are applied 
at the sealing surfaces but in which means are incorporated 
for preventing the O-ring from being squeezed out of 
position in the cartridge prior to installation. In this con 
nection it is an object to provide an improved cartridge 
type seal employing an O-ring, garter spring, and retain 
ing ring in which all three elements are effectively locked 
together for relative rotation as a unit and in which the O 
ring and retaining ring are free to move radially through 
a limited distance in the face of eccentricity or runout 
while nevertheless being maintained in approximately cen 
tered position relative to the cartridge so that the cartridge 
may be easily installed without risk of pinching or other 
wise damaging the O-ring. 

Other objects and advantages of the invention will be 
come apparent upon reading the attached detailed de 
scription and upon reference to the drawing in which: 
FIGURE 1 shows an axial section of a cartridge-type 

seal constructed in accordance with the present invention. 
FIG. 2 is an axial half section of a seal similar to FIG. 

1 but employing an expansion-type garter spring. 
FIG. 3 is a vector diagram of the components of force 

exerted by the garter spring. 
Turning now to the drawing there is disclosed a car 

tridge-type seal 10 intended for mounting in the annular 
space 11 between a housing or frame 2 and a shaft 13. 
The frame has a cylindrical surface 14 which is generally 
concentric with the annular surface 15 on the shaft. 
The cartridge in the present instance is formed of two 

cups, a first cup 21 having an inner wall 22 and a second 
cup 23 having an inner wall 24. The cartridge is prefer 
ably press fitted into the cylindrical surface 14, and the 
walls 22, 24 are preferably extended into the vicinity of 
the shaft 13, defining annular clearance spaces 25 sur 
rounding the shaft. 
Mounted within the cartridge. 10 is an O-ring 30 pre 

senting arcuate sealing surfaces. The first sealing surface 
is the region 31 of augmented line contact with the inner 
wall 22 and the second is the region 32 of augmented line 
contact with the shaft. The term “augmented” contact is 
used since the O-ring is made of resilient rubber, or rub 
ber-like synthetic material and, due to its resilience, and 
upon force being applied thereto, the theoretical line con 
tact is connected to ribbon contact at the region of engage 
ment. 

In accordance with the present invention there is pro 
vided, adjacent the O-ring, a retaining ring formed of 
plastic or the like which is rotatable with the O-ring and 
which is profiled to define, with the O-ring, a shallowan 
ntilar valley in which is mounted a garter spring which 
is prestressed for the application of axial and radial force 
components to the respective O-ring sealing surfaces. 
Thus I provide a plastic ring 40 having an internal grip 
ping surface 41 and an angled spring-engaging surface 42 
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which forms one wall of the valley 43, the other wall be 
ing formed by the adjacent surface of the O-ring itself. 
Seated within this valley is a garter spring 50, in the pres 
ent instance of the contracting type, presenting an angled 
force as indicated by the vector 51 against the O-ring and 
an angled force indicated by the vector 52 against the re 
taining ring. The garter spring 50, is so constructed that 
when it is in its natural stressed state, its diameter is less 
than shown in the drawing and so that when the garter 
Spring is stretched to the encircling position shown upon 
installation in the cartridge, it is thereby “prestressed" so 
as to exert a substantial force against both the O-ring and 
the retaining ring. In the vector diagram shown in FIG. 
3 the axial and radial components have been indicated by 
the subscripts “a” and “r” respectively. Where the di 
ameter of the cylindrical surface 14 defining the recess is 
on the order of 1/2' and the diameter of the shaft is on 
the order of 34', the force 51 exerted against the O-ring 
may be on the order of 1.4 pounds making an obtuse 
angle with respect to the shaft axis resulting in a radial 
component of 1.12 pounds exerted against the shaft and 
0.52 pound exerted against the inner wall 22 of the car 
tridge. Similarly, the force 52 exerted against the retain 
ing ring may be on the order of 1.02 pounds resulting in a 
radial component of 0.88 pound against the shaft and 
0.5 pound axially against the retaining ring. Preferably, 
and in accordance with one of the detailed aspects of the 
invention, the retaining ring 40 is split, i.e., discontinuous 
over a short peripheral gap so that the ring may flex in 
Wardly under the urging of the garter spring for snug 
gripping of the shaft at the inner surface 41. This tends 
to insure that the retaining ring will rotate with the shaft, 
i.e., that the O-ring, retaining ring, and garter spring will 
all rotate as a unit with the shaft with relative slippage 
taking place at the sealing surface 31. It is preferred that 
the angles a, b, shown in FIG. 1 be relatively shallow so 
that the radial components of force will tend to predom 
inate. If desired, the angle b of the retaining ring sur 
face may be made shallower... than angle “a” so that the 
retaining ring absorbs most of the inwardly directed force, 
leaving the O-ring to absorb only a minor portion of it, 
particularly where a strong spring 50 is used. 

In accordance with one of the features of the present 
invention the retaining ring is preferably provided with 
a lip 55 which extends under the O-ring as shown for 
retaining the O-ring and supporting it in position in the 
cartridge prior to cartridge installation. Thus, where the 
garter spring 50 has substantial prestress and where there 
is a lage radial component of force squeezing the O-ring, 
the latter will engage and tend to be supported by the 
lip 55. In order to provide a distributed area of contact 
under such conditions and also to maintain close spacing 
between the O-ring and the retaining ring, the retaining 
ring may be arcuately scalloped to provide a mating 
surface 56 on the side adjacent the O-ring. By positively 
retaining the O-ring against inward deformation by the 
spring, the O-ring does not get in the way when the car 
tridge is telescoped over the shaft 13. In other words, 
the O-ring bulges inwardly to only a limited degree and 
presents a smooth arc. on the portion which does project 
for camming of the latter onto the shaft. 

It is, moreover, one of the detailed features of the 
invention that means are provided for maintaining the 
entire assembly of O-ring, garter spring, and retaining 
ring approximately centered with the cartridge and for 
insuring that the O-ring is maintained centered in the 
valley 43 between the O-ring and the retaining ring. 
This is accomplished in the present instance by providing 
an inward projection 60 on the wall 22 of the cartridge. 
Such inward projection provides an obstruction 61 which 
is sufficiently spaced from the O-ring so that the O-ring 
simply may move in response to eccentricity or runout 
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of the shaft, but with the radial clearance being limited 
so that the O-ring assembly is always maintained in a 
generally centered position for insertion of the shaft into 
the cartridge. Moreover, the projection 60 is located 
directly opposite the garter spring 50 so that the garter 
spring is prevented from moving, to the left in FIG. 1, 
over the top of the O-ring. 

Since the retaining ring 40 grips the shaft, and is rotat 
able with it, the amount of clearance at the outer, i.e., 
right hand side, of the retaining ring is immaterial. Thus O 
while zero clearance is shown at 57 in the drawing, the . 
seal will function properly if there is some clearance 
present. 

Since, in the embodiment of FIG. 1, the retaining ring, 
O-ring and garter spring all rotate with the shaft, the 
garter spring is subject to centrifugal forces, and a meas 
ure of protection is provided against an overspeed con 
dition. Thus, where the speed of the shaft approaches 
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eter being longer, to apply static inward stress in the em 
bodiment of the FIG. 1, and smaller to apply outward 
stress, in the embodiment of FIG. 2. Thus the "squeezing 
force' referred to may be radially inward or radially out 
ward. s w 

In any event it will be apparent that a cartridge-type 
seal has been provided which is inherently simple and 
inexpensive and which is capable of operating at mod 
erate speeds and in the face of moderate pressure dif 
ferential. If desired, the space within the cartridge may 
be charged with lubricant in order to insure that the 
slipping face of the O-ring is adequately lubricated with 
espect to the surface which it engages. - - 
I claim as my invention: - 
1. In a cartridge-type seal for insertion in the annular 

Space between a shaft and a frame opening defining first 
and second concentric cylindrical surfaces, the combina 
tion comprising an annular cartridge having a first wall 

or exceeds the maximum speed rating, the increase in 
centrifugal force acting upon the spring tends to reduce 
the inward squeezing pressure of the spring and thus re 
duce both the radial and axial components of spring force. 
This reduces the force per unit area applied at the rela 
tively sliding surface of the O-ring as well as the area in 
contact, tending to reduce the heat which tends to be 
generated at such surface under high speed conditions, 
and which, in an extreme case, might result in burn-up 
of the seal. 
While the invention has been described in connection 

with a cartridge having an O-ring running in contact with 
a shaft, it will be apparent to one skilled in the art that 
the invention is not limited to the particular arrange 
ment shown and that the construction may be inverted by 
use of a modified cartridge and an expansion-type garter 
spring so that sealing engagement occurs at the outer 
cylindrical surface 14, i.e., at the surface of the opening 
in the frame or housing. Thus, referring to FIG. 2, cor 
responding parts are indicated by corresponding reference 
numerals with the addition of subscript "a.” In this em 
bodiment the cartridge 10a is open at the periphery for 
outward presentation of the surfaces of the O-ring 30a 
and retaining ring 40a. Both of the latter elements are 
urged outwardly by means of an expansion-type garter 
spring 50a. The members are proportioned and the sur 
faces are angled just as in the preceding embodiments 
so that the type of vector diagram in FIG. 3 is applicable. 
The lip 55a in the embodiment of FIG. 2 serves to prevent 
undue projection of the O-ring under stress prior to in 
stallation and the projection 60a maintains the entire as 
sembly of the cartridge in a generally centered condition 
so that no special care need be used in inserting the car 
tridge into its recess. 
of split construction so that its surface 41a, under the 
urging of the garter spring, is capable of gripping the 
cylindrical surface 14 which it engages. 

The retaining ring 4.0a is preferably. 
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and a second wall, said walls being fixedly mounted with 
respect to the first cylindrical surface and extending to 
within the vicinity of the second cylindrical surface to 
efine an annular clearance space with respect to the 

latter, an O-ring presenting arcuate sealing surfaces in 
engagement with the first wall of the cartridge and the 
Second cylindrical surface respectively, a retaining ring 
of plastic or the like arranged adjacent the O-ring for 
mounting on said second cylindrical surface, said O-ring 
and retaining ring having adjacent portions of approxi 
mately the same radial thickness profiled to define a shal 
low annular valley between them, a garter spring in said 
Valley, said garter spring being prestressed to exert both 
the retaining ring and O-ring angled forces having radial 
components in the same direction as well as axial com 
ponents in opposite directions, said retaining ring being in 
gripping engagement with the second cylindrical surface 
to preclude relative movement between the O-ring and 
retaining ring. - 

2. In a cartridge-type seal for insertion in the annular 
Space between a shaft and a frame opening defining first 
and Second concentric cylindrical surfaces, the combina 
tion comprising an annular cartridge having a first wall 
and a second wall, said walls being fixedly mounted with 
respect to the first cylindrical surface and extending to 

45 
within the vicinity of the second cylindrical surface to de 
fine a cylindrical clearance space with respect to the latter, 
an O-ring presenting arcuate sealing surfaces in engage 
ment with the first wall of the cartridge and the second 
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In the following claims the term "plastic or the like" 
is intended to cover plastics, such as nylon or other ma-... 
terials having comparable physical characteristics. 
term "garter spring” is intended to cover either the usual 
type garter spring capable of exerting force outwardly. 
The "split' in the ring which is referred to may be a line 
of severance which extends all the way through the ring 
at one point, or it may, without departing from the in 
vention, be a series of cuts extending partially through 
the structure of the ring, weakening it sufficiently, so that 
it is capable of dimensionally responding to the force 
exerted by the garter spring to provide the gripping action. 
Or, if desired, the retaining ring may be made of resilient 
material having a slightly interfering fit to provide the 
gripping action without having to rely upon the garter 
spring. The term "prestressed” refers to the fact that the 
spring, in both of the two versions has a "normal' diam 
eter, when unstressed, which differs from its “working 
diameter when in place in the cartridge, the working diam 
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cylindrical surface respectively, a split retaining ring of 
plastic or the like arranged adjacent the O-ring for mount. 
ing on said second cylindrical surface, said O-ring and retaining ring having adjacent portions of approximately 
the same radial thickness profiled to define a shallowan 
nular valley between them, a garter spring in said valley, 
Said garter spring being prestressed to exert radial squeez 
ing forces upon both the retaining ring and the O-ring. 

3. In a cartridge-type seal for insertion in the annular 
space between a shaft and a frame opening defining first 
and Second concentric cylindrical surfaces, the combina 
tion comprising an annular cartridge having a first wall. 
and a second Wall, said walls being fixedly mounted with 
respect to the first cylindrical surface and extending to 
Within the vicinity of the second cylindrical surface to 
define an annular clearance space with respect to the 
latter, an O-ring presenting arcuate sealing surfaces in en 
gagement with the first wall of the cartridge and in en 
gagement with the second cylindrical surface respectively, 
a split retaining ring of plastic or the like arranged ad 
jacent the O-ring for mounting on said second cylindrical 
Surface, said O-ring and retaining ring having adjacent 
portions of approximately the same radial thickness pro 
filed to define a shallow annular valley between them, a 
prestressed garter spring in said valley for exerting upon 
the O-ring and split ring, angled forces having both radial 
and axial components, and means for engaging the garter' 
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spring to prevent axial movement thereof and for thereby 
maintaining the garter spring seated in said valley. 

4. In a cartridge-type seal for insertion in the annular 
space between a shaft and a frame opening defining first 
and second concentric cylindrical surfaces, the combina 
tion comprising an annular cartridge having a first wall 
and a second wall, said walls being fixedly mounted with 
respect to the first cylindrical surface and extending to 
within the vicinity of the second cylindrical surface to de 
fine an annular clearance space with respect to the latter, 
an O-ring presenting arcuate sealing surfaces in engage 
ment with the first wall of the cartridge and the second 
cylindrical surface respectively, a retaining ring of plastic 
or the like arranged adjacent the O-ring for mounting on 
Said second cylindrical surface, said O-ring and retaining 
Ting having adjacent portions of approximately the same 
radial thickness profiled to define a shallow-angled annu 
lar valley between them, a prestressed garter spring in 
said valley, said retaining ring having a lip formed there 
on extending under the O-ring for restraining the O-ring 
against excessive radial movement as a result of force 
exerted by the garter spring prior to installation of the seal. 

5. In a cartridge-type seal for insertion in the annular 
space between a shaft and a frame opening defining first 
and Second concentric cylindrical surfaces, the combina 
tion comprising means defining opposed annular walls, 
said walls being fixedly mounted with respect to the first 
cylindrical surface and extending to within the vicinity 
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of the second cylindrical surface to define an annular 
clearance space with respect to the latter, an O-ring pre 
Senting arcuate sealing surfaces in engagement with the 
first wall of the cartridge and the second cylindrical sur 
face respectively, a retaining ring of plastic or the like 
arranged adjacent the O-ring for mounting on the second 
cylindrical surface and in gripping engagement with the 
latter, a prestressed garter spring bearing against said O 
ring in angular relation to provide axial and radial com 
ponents of force for application to the O-ring sealing sur 
faces, said garter spring having means for supporting the 
same in the angled position, said retaining ring having a 
lip formed thereon extending partially under the O-ring 
for restraining the O-ring against excessive radial move 
ment as a result of the radial component of force exerted 
by the garter spring prior to the installation of the seal. 
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